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PREFACE. 



THE ori^nal drawings, from which thefe plates 
were engraved, together with the written paper 
annexed, intituled. Principles of Mr. Harriison's 
Time-Keeper, were delivered to the Commiflioners 
appointed by ad of parliament for the difcoverj of the 
longitude at fea, by Mr. John Harrifon and Mr. Wil- 
liam Harrifbn his fon, upon oath, as containing a full 
explanation of the principles upon which Mr. John 
Harrifbn*s watch or time-keeper for finding the lon^- 
tude at ^a is conflruded. 

Mr. HarrUbn and his fbn gave alfb, upon oath, to 
the Reverend John Mitchell, the Reverend William 
Ludlam, and Mr. John Bird, ^ntlemen well-fkilled 
in mechanics, and Mr. Thomas Mudge, Mr. Larcum 

Kendal, 
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vi PREFACE. 

Kendal, and Mr. William Matthews, watch-makers, 
by appointment of the board of longitude, and my- 
felf, fuch further explanation of the confbudion of 
the laid watch, by word of mouth and experimental 
exhibitions, as we required ; producing the watch, 
taking it to pieces in our prefence, and anfwcring ta 
fuch queftions as we propofed relative thereto. Some 
notes taken by myfelf on (his occafion I have Subjoined 
hereta 

The original drawings of the watch were delivered 
to me at the board of longitude, which I have fince 
caufed to be carefully engraved,, under my own eyes, at 
the Royal Obfervatory, and think I can anfwer,^ that 
the lines on the copper-plates every-where correfpond 
with the meafure of the drawings within one, or at 
mofl two breadths of the lines, which are fb very fine. 
Npverthelefs, the reader muft not expeA to find the 
impreflions taken off upon common paper agree fo 
nearly, either with the originals or with themfelves,, 

oyring 
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PREFACE. vii 

owing to the fhrinking of the paper after the water 
has been prefled out of it in going through the prefs. 
But, for the fake of the curiousj and particularly 
artifts who may be defirous to conftrud other watches 
after the model of Mr. Harrifbn's, I have caufed a few 
impreflions of the plates to be taken off upon India 
paper; which, if it be only made a little damp, by 
being put for a few minutes between two wet fliects of 
paper, will receive the impref&on from the plates per- 
fed:, and will not fhrink at all in the drying. 

It may not be improper to take notice here of a 
difference in the pofltion of the pallets in the 8th and 
9th figures, plates VI. and VII. which might other- 
wife puzzle the infpedor, or, at leafl, induce him to 
think there was fome error made in engraving the 
plates from the original. 

In figure 8th, the centre of the curve of the pallets 
lies in the circumference of the dotted circle, whofe 
radius is two fifths of the radius of , the circle defcribed 

by 
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viii PREFACE. 

by the edge of the pallets j but, in figure 9th, the centre 
of the pallets lies juft without the circumference of the 
little black circle, representing the fpindle^ whofe radius, 
is one fourth of the radius of the circle defcribed by the 
edge of the pallets. The latter figure fhews Mr. Harris 
fon's former de%n, which he has fince altered^ a& is 
reprefented in the 8th figure^ 
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NOT E S 



TAKEN AT THE 



DISCOVERY 



OF 



MR. HARRISON'S tlME-KEEPER. 



THE balance naturally vibrates krgeft arcs, when 
in a horizontal pofition ; next greateft, when the 
hours XII and VI are uppermoft, and the watch is in a 
vertical pofition ; leaft, when the hours III and IX are 
uppermoft. 

Large arcs are naturally performed in lefs time than 
fmall ones. This Nfr, Harrifon inferred, becaufe the 

B watch. 
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X NOTES TAKEN AT THE DICOVERY OF 

watch, before any corredion was applied, went flower 
in a vertical pofition than in the horizontal one, and 
the vibrations are vifibly larger in the latter cafe. 

The watch 13 adjufted to vibrate great and fmdl arcs 
in equal times, in the following manner: 

To go the fame when placed vertically with the 
hours III, VI, IX, XII upwards fucceffively, by making 
the weight of the balance diiFerent in different parts. — 
To go the fame when placed horizontal as when verti- 
cal, by the joint effed of the back of the pallets and the 
cycloid-pin. 

The curve of the back of the pallets is an arch of a 
circle, whofe centre lies in the line joining the edges of 
the pallets and the centre of the fpindle, the difbnce of 
the two centres being two fifths, and the radius of the 
curve of the pallets three fifths of the radius of the circle 
defcribed by the edge of the pallets. 

The adion of the cydoid-pin, when it touches the 
balance-fpring, tends to quidkoi its vibrations ; and the 
fpring, leaving the pin for a longer time in the large vi- 
brations than in the fmall ones, is lefs accelerated by it 
in the former than in the latter cafe; and, confequently, 
the adion of the pin tends to reduce the time of the 

different 
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Mr. HARRISON'S TIME-KEEPER. xi 

different vibrations nearer to equality. The cycloid-pin 
was not applied to the watch till after it came back 
from the voyage to Jamaica. 

If the balance-fpring is too ftrong, it muft be made 
weaker by rubbing it away a little; but, if it be too 
weak, it muft be changed for a ftronger. 

The balance-fpring is fattened at the outer end to a 
ftud, which takes off the plate with a fcrew, and is put 
on again with the fame ktcwy and fteady-pins, exa<^ly 
in the fame pofition as before, without undoing the 
fattening of the (pring to the ftud at the end. 

There is no adjuftment for mean time, as in common 
watches ; there was once, but it did not anfwer. 

As foon as the watch is put together, Mr. Harriibn 
lays, it will fliew its rate o( going in three hours accu- 
rately the fame which it will keep afterwards ; fo that 
he can foon determine it by comparifon with his pen- 
dulum clock. 

The balance-lpring, when at reft, touches the cycloid- 
pin; and does not begin to leave it, till the balance 
has vibrated an arch of forty -five degrees beyond the 
point of >eft, while the fpring is in the ftate of coiling 
itiblfup, 

B 2 The 
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xii NOTES taken at the DISCOVERY o* 

The cliermoraeter kirb is compofed of two thin plates; 
of brafs and fteel rivctted together in feveral places^ 
which, by the greater expanfion of brafs than fteel by;, 
heat, and contradion by cold, becomes convex on the 
brafs fide in hot weather, and convex on: the fieel fide- 
in cold weather; whenecj, one end being fixed, the, 
other end obtains a motion correfponding with the 
changes of heat and cold, and the two pin« at this end^. 
between which, the balance-fpring pafles, and which it: 
touches alternately as. the fpring. bends and unbends it-- 
felf, will fhortcnof lengthen the fpringj as>the changes* 
of heat and cold would othenvife require to be done 
by the hand, in. the manner, ufed for regulating a com- 
mon watch.- 

Mr. Harrifbn requires eold. weather for adjufHng the:, 
thermometer kirb, and he places the watch near a fire,, 
with a common thermometer by it,, to try if it keeps, 
the fame time as in the cold air. If not, he alters on 
adjufts the thermometer kirb till" it goes the fame, in thefe 
two (Jifferent degrees of temperature of the aiE. 

The thermometer kirb takes heat fboner than; the 
balance-fpring, and he thence concludes that brafs takes; 
heat fbcwaer than fteel,. and that the brafs rods of a.grid- 

koih 
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Mr. HARRIS0N*8 TIME-KEEPER, xiii 

kon pendulum fhould be made thicker than the fteel 
ones. 

Whilft. the heat is increaflng, the watch- will fome- 
times gQ» one tenth of a fecond flower in three hours>, 
^1^ when the heat is come to a ftand^ 

The efFed: of the thermometer is increafed by rubbing' 
the fides thinner, and is leflened by. thickening the edge 
by burnishing it. 

Mr. Harrifon adjiifts the thermometer kirb firft, that, 
is to fay, before he adjufls the watch to. go the feme int 
different pofitions.. 

The watch; may be put widi figure XII turned each- 
day alternately different ways, for fear one part of the 
box in. which it isi kept may be hotter than, the other. 

The force or momentum of the balance, Mr. Harri- 
fon. fays, is as the fquare of its diameter, alfo as. the. 
fquare of the velocity, its weight being given,. 

The. momentum of the balance acquired by increafing 
the velocity is better than that acquired by increafing. 
the weight ;. as< friftion is not thereby increafed, per- 
haps, if any thing,, diminifhed, and the refiflance of 
the air. only is increafed, the e&id of which is tolerably 
uniform, and of great fervice. 

The- 
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XIV NOTES TAKEN AT THE DISCOVERY OF 

The diameter of the balance is 2,2 inches, of the 
plate 3,8 inches. 

The balance fhould be a little larger, or 2^ inches, 
according to a memorandum taken by Mr. Bird. 

The watch makes juil five beats in a iecond of 
time. 

If the balance vibrated fafler, the refiflance of the air 
would be too great. 

A pocket watch of this kind would do better with fix 
beats in a fecond. 

A certain fize is befl for the pallets^ or ratho* a cer-. 
tain proportion between the diameter of the circle de> 
fcribed by the edge of the pallets and the diameter of 
the balanpe^wheel. This was firil fu^efled to Mr* 
Harrifon from bell-ringing; for he could bring the bell 
better into a motion, by touching it from time to time 
fomewhere near the centre than near the circumference; 
becaufe in the firfl cafe his hand moved quick enough to 
follow the bell. . 

The grand principle of the watch is that of giving 
the greatefl motion pofHble to the balance with a given 
force. This is done by the fcaping and pr(^)er quantity 
of the arc defcribed. 

This 
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Mr. HARRISON'S TIME-KEEPER. xv 

This note was communicated by Mr. Mudge, as alfo 
the following ; That the balance^ by the force from the 
wheels, without its Spring, tends to vibrate once in two 
feconds. 

There are four fprings in the watch; firft, a main 
fpring ; fecondljr, a ipring in the infide of the fufee, to 
keep it going while it is winding up ; thirdly, a fpring, 
which is wound up eight times every minute^ fourthly, 
the balance-ipring. The three firft were made by Ma- 
berley. 

The fufee has fix turns and a quarter. 

The fly ferves to moderate the velocity with which 
the fpring neareft the balance would otherwife be 
wound up* 

The pivot-holes are all made in rubies, with dia- 
monds at the ends. 

The pallets are diamonds. 

One end of the watch in the late voyage to Bar- 
badoes was fct higher, becaufe it was not equally ad- 
jufted in all pofltions. Alfo it was altered and brought 
' back to the &JSi/c pofition^ with refpeft to the hori- 
zon, as the fhip lay down on the one or the other 

5 tack. 
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yvi NOTES TAKEN AT THE DISCOVERY OF 

tack, by the help of a moveable box, with a divided 
arch. 

Mr. William Harrifon reckons the greateft roll of a 
fhip fifteen degrees, and the greateft lie-down, when 
going upon one tack, twelve degrees. 

Hold the watch a little back, when in a vertical po- 
fition, that the face may be a little up. 

If the balance-lpring be not cxadly parallel to* the 
plates, there will be a fmall diiFerence in the going of 
the watch, when the fece is up or down. 

Care is to be uied in moving the watch, or in turn- 
ing it about, in order to wind it up, not to give it 
^ny quick circular motion in the plane of the balance, 
as it mi^t pofllbly ftop it. A pocket-watch, which 
Mr. Harrifon has made of this kind, once ftopped this 
way. Turn the watch over upon Ibme diameter of 
the dial-plate, as^ an axis, in order to bring it 
into a convenient pofition, when you want to wind 
it up.. 

Oil muft be applied to the pallets and pivot-holes of 
the watch, but very Sparingly. 

The watch will ^o three years without requiring to 
be cleaned. 

At 
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Mr. HARRISONS TIME-KEEPER, xvii 

At the time of the difcovery, in Auguft 1765, Mr.. 
Harrifon £aidy that the watch then went a little flower 
than it had done, owing to its wanting to be cleaned^, 
viz. two or three leconds per day. 

The watch fliould have a cap, and no outer cafe, the: 
wooden box, in which it ihould be kept, ferving that 
purpofe better, 

NEVIL. MASKELYNE,^ 

ASTRONOMER RoYAL. 
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PRINCIPLE S 



OV 



MR. HARRI50N?S TLME-KEEPER. 



IN tkfo Time-keeper thfere is the greateft Care taken 
to avoid Fridtion as much as can be, hy the Wheels • 
moving on fmall Pivots, and in Ruby-holes, and 
high NumbCTs in the W?ieels and Pinions. 

The Part which meafures Time goes but the eighth ' 
Fart of a Minute withoijt winding up; fo that Part is 
very fimple, as this Winding-up is performed at the 
Wheel next to the Balance-wheel ; by: which Meansj 
there is always an equal Force a<Eting at that Wheel, . 
and all the reft of the Work has no more to do in mea- 
furing Time, than the Perfon that- winds them up once 
aDa^. 

C2 There-- 
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20 PR.INCIPLES OF 

There is a Spring in the Infide of the Fufee, which I 
will call a fecondary Main-fpring. This Spring is always 
kept ftretched to a certain Tenfion by the Main-fpring, 
and during the Time of winding up the Time-Jceeper, 
at which Time the Main-fpring is not fufFercd to a6t> 
this fecQndary Spring fupplies 4ts Place. 

In common Watches in general the Wheels have about 
One-third the Dominion over the Balance that the Ba- 
lance-fpring has ; that is, -if the Power the Balance - 
ipring has over the Balance be called 'Threty that from 
the Wheels is One'^ but in this my Time-keeper,' the 
Wheels have only about One-eigbtiet% Part of the Power 
Gvsx the Balance that the Balance-fpring has ; and it 
muft be allpwfd, the lefs the Wheels have to do with 
the Balance, th,e b^tec The Wheels in a common 
Watch having tjiis great Dominion over the Balance, 
they can, when the W^tch is wound up, and the Ba- 
lance at reft, fet the Wat^h argoiag^ but when my 
Time-keeper*s Balance is at reft, and the Spring is 
wound up, the Force o^ the Wheels can no more fet it 
a-^oing, than the Force of the Wheels of a common 
Regulator can, when the Weight is wound up, fet the 
Pqndulum a-vibrating ; nor will the Force from the 
'Wheels move the Balance, when at refl^ to a greater 

Angle 
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Mr. HARRISON'S TIME-KEEPER. 21 

Angle in Proportion to the Vibration that it is to fetch, 
' than the Force of the Wheels of a common Regulator 
can move the Pendulum from the Perpendicular, when 
it is at reft. 

My Time-keeper's Balance is more than three times 
the Weight of a large fized common Watch-balance^ 
and three times its Diameter ; and a commdn Watch- 
balance goes through about iix Inches of Space in a Se- 
cond, but mine goes through about twenty-four Inches 
in that Time : So that had my Time-keeper only thefe 
Advantages over a common Watch, a good Performance 
might be expeded from it. But my Time-keeper is not 
afFeded by the different Degrees of Heat and Cold, nor 
Agitation of the Ship; and the Force from the-Wheds 
is applied to the Balance in fuch a Manner, together 
with the Shape of the Balance-ipring, and (if I may be 
allowed the Term) an artificial Cycloid, which ads at 
this Spring; fb that from thefe Contrivances, let the Ba- 
lance vibrate more or lefs, all its Vibrations are per- 
formed in the fame Time ; and therefore, if it go at all, 
it muft go true. So that it is plain from this, that fuch 
a Time-keeper goes intirely from Principle, and not 
from Chance. 
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The following is a Defcripdon of the. Drawings 
from which my fourth Time-keeper' was made, 
and the Drawings are alfo hereunto annexed* 



Fig. 



i» 



A A is the Chain*barrel, and BB is a Scdlion of iti 
CC is the Spring-barrel, and DD is a Sedion of it. 
££ is a Ratchet at the Sfwring-barrel, and FF is a Sec- 
tion of it. TTm Ratchet is fcrewed to the Spring-: 
barrel by four fmall. Screws at. i3r<9<7tf. There is a 
Hole in the Pillar-plate of the Diameter from the- 
dotted Lines bb-^ and that FSrt of the Spring-barrel 
CC is to move in this Hole without any Shake, in. 
order to let the Spring up. The Ratchet is alio 
{hewn in Figure I3thv by the Circle bby and it has 
thirty Teeth, and c is the Click that holds it. 

Fig. 2. 

A A is the Brafs E(%e, BB the Hole in the Middle of 
it, and C C is a Sedion- of it. This Brafs Edge is 
fupported by fix Pillars, and their Places are rcpre.- 
fented in Figures 13 and 14, by fix Qass\<^ aaaaaa. 

Fig. 



Digitized by 



Google 



1 



M&. HARRISON'S TIME-KEEPER. 23 



. Fig. 3; 

A A is the firft Whed, and aaaa is a Sedion of it. 
bbb is a Sedion of the Fufee. BB is the outer 
Diameter of a Ratchet which is fixed to the Infide of 
the Fufee, and the inner Circle CC is its inner Dia- 
meter, and it has 55 Teeth in it. dddd is what I 
call the perpetual Ratchet, of which cccc is a Sec- 
tion ; there is a Ratchet with 75 Teeth in it on 
that Part marked ff^ this is alfo fliewn in Figure 13 
l>y the Circle ee^ and this perpetual Ratchet is to 
cany the Barrel DD, which Barrel contains the fe- 
•condary Main-ipring, and will be in the Infide of the 
Fufee at gg^ and at that Part of the firft Whee^ hb 
the inner End of this Spring, is to a£t, as that Part 
hb will be its Arbor. The dotted Line& E reprefent 
the Grooves in the Fufee. The dotted Lines // re- 
prefent the upper Plate. The dotted Lines mm re- 
prefent the Pillar Plate, The dotted Lines nn re- 
prefent the Cock, which carries the lower End of the 
Arbor of the firft Wheel. This Cock is alfe) repre- 
fentaed in FigUie 13 at dddd. The Ratchet ee v\ 
Figure 1 3 has two Clicks, whofe Centres are at ff^ 

and 
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24 Deschibtion of the DRA.WIKGS0F 

and gg are the Springs which aft at thefe Ch'cks. 
In Figure i^ b b reprefeuts the firft Wheel withi 
96 Teeth, adling in a Pinion of 2 1 at c 

Fig; 4. 

A A reprefents the fecond Wheel ading.iii a Pinion at a, 
,BB reprefents the third Wheel, which is concave,, 
and ads in a Pinion at b\ The fecond Wheel is de- 
fcribed in Figure 14 by the Circle ddy and ads in a 
Pinion of 1 8 at e. The third Wheel is reprefented 
in Figure 14 by the Circle ffi ading in a Pinion of 
lb sX g. 
Note^ The third Wheel is larger than is represented 
in Figure 14, and has 144 Teeth, and the fe- 
cond Wheel has 120 Teeth. 

Fig. £. 

A A reprefents the contrate Wheel, BB a Sedion of it,, 
with a Sedion of the Spring-barrel a a. At ^ ^ is a 
Piece with eight Pins in it, that difcharges the runnii^ 
Wheels every eighth Part of a Mmute. This Wheel 
is alio reprefented in Figure 14 by the Circle hhy \t 
lias 1 20 Teeth, and ads in a Pinion of 12 at u 

Fio. 
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Mr. HARRISON'S TIME-KEEPER. 25 

Fig. 6. 

Is the Dittent, by which is the Difcharge for winding up 
eight Times in a Minute. The Part a ads at the 
eight Pins on the contrate Wheel-arbor. ^ is a 
Roller ading againil a Piece of Brafs on the fifth 
Wheel -arbor, r is a Piece that flops againfl a Pin in 
the Rim of the fifth Wheel, dd are Pieces of Brals 
to make it in an Equilibrium in itfelf ; and £ is the 
Spring which ads upon it. The Centre of this Dit- 
tent is at a; in Figure 14. 

F I G. 7. 

A is a Sedion of the Frame, with the Balance-cock, the 
Slide, and the Brafs Edge; and a is the Centre q& 
the Joint-pin. B is a Sedion, where a a r^refents 
die Balance-cock, bb the third Wheel-cock. 

c the Cock at the End of the contrate Wheel. 

d the Cock at the End of the fourth Wheel. 

e the fourth Wheel. 

f the Follower. 

g the Balance-wheel. 

b the Potence. 

D / the 
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26 Descriftion of thb drawings of • 

/ the Balance-wheel Pinion. 

k the Counter-potence, which alfo carries the other End 

of the fourth Wheel. 
m the Spring-barrel. 
» the Hook in it, where the out End of the Spring. 

hangs. 
Q the Hook at the contratc Wheel, where the inner End 

of the Spring ia hung. 
r the fifth Wheel, with the Pin where the Dittent ia to 

ftop* 
s the upper Plate. 
T the Pillar-plate. 

Pie. 8^.. 

/ 

a/» are the Palliets of ten times the Size that they are la 
the Time-keeper^ The dotted Lines. £nom 24ths. oF 
the Circle, fhew the Power the Balance-wheel has tos 
impede, the Motion of the Balance by the Declivity oa 
the Back of the Pallets, at any the lame time- wJien^ 
ever it iliall have the greateft Power to give it Mq*- 
tioa. 

« 
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F I G. 9, 

Is to (hew the Proportion between the Balance, the Ba- 
Jancc-wheel, the Balance-wheel Teeth, the Pallets, 
and at what DHlance the Wheel a<^s from the Centre 
of the Balance. A A rcprefents the Balance, BB the 
Balance wheel, 0:^ the Pallets^ and bbbbbb the 
fialance-wheel Teeth. 

Fig. 10. 

A is the Counter-potence, with the Follower a^ and a 
faiall Screw at c^ to ftbp when at its proper Placc» 
and X is the Centre of the fourth WhecL 

B is the Cock for the Minute-wheel. 

C is the Steel Bridge. 

D is a Cock for. the contrate Wheei. 

£ is a Cock at the firft Wheel. 

F is a Cock at the contrate Wheel on the Pillar-plate. 
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28 Description of thb DRAWINGS of 



Fig. II. 

ff 
Is the Dittent, which is to flop the Balance before the 

Watch be down. It turns upon a Centre at / in Fi- 
gure 14. A is the Locking-fpring. 

Fig. 12. 

A A reprefents the upper Plate. BB the Balance. 
a a the Thermometer. 
bb the Balance-fpring. 

cc Slider to adjuft the Thermometer end-way. 
d the Stud. 

e the artificial Cycloid. 

/ a Piece to adjufl it fo as to bear properly againfl the 
Spring. 

Fig, 13. 

aaaaaa the Feet of the Brafs Edge. 

bb the Ratchet at the Spring- barrel. 

c the Click. 

dddd the Cock at the End of the firfl Wheel. 

ee 
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Mr. HARRISON'S TIME-KEEPER. 29 

ee 2l Ratchet. 

ff the Centres of the two Clicks which ad in it. 

gg the two Springs that ad at them. 

bhhhhh the fix Pillars of the Frame. 

// the Steel Bridge. 

hkk two Wheels that carry the Seconds, one being on 

the contrate Wheel-arbor, the other- moving on the 

Cannon-pinion. 
/ the Cannon-pinion. 
mm the Miiiute-whecL 
n the Hour-pinion. 
QQ the Hour-wheeL 

Fig. 14. 

aaaaaa the fix Pillars of the Brafs Edge. 

bb the firft Wheel. 

c the Centre-pinion. 

dd the fecond Wheel. 

e the (econd Pinion. 

// the third Wheel. 

g the third Pinion. 

bb the contrate Wheel, and the fourth WheeL 

i the 
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30 Description of the DRAWINGS, &c. 

/ the Balance-wheel Pinion, 

k the fourth Pinion. 

// the fifth Wheel. 

m the fifth Pinion, .. 

nn the Fly. 

00 the Balance-wheel. 

/ the Potcnce. 

rrrrrr the fix Pillars of the Frame. 

s the Stud. 

/ the Centre of the Dittent, to flop the Balance* 

X the Centre of the difcharging Dittent. 

uu the upper Plate. 

zz the Pillar-plate. 

Fig. 15. 

Is what was defigned for the Work on the upper Plate, 
which is now -done in the Manner as reprefented in 
Figure la. 
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Thr tempering and MOTION. 31 



For tempering the Balance-lpindle, the Balance-lpring, 

and the Pinions. 

Before their being immerfed m the Metal (as juft 
melted) let them be oiled over. 

The Heat for the Balance-lpindle 567 on Fahrenheit's 
Scale, the which is given by one of Pewter to 1 2 of 
Lead ; but for the Balance-fpring and the Pinions, let 
the Mixture be One of Pewter ta 1 7 of Liead. 

Each Turn of the firft Wheel (or Flifee) is 4* Hours ;, 
lb 5^ of its Turns is juft 24 Hours ; and. 64. is. 2 8t Hours ;, 
and 6^, Turns equal to 30 Hours.. 
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